Introduction: Hypoglycemia is a common side effect of insulin therapy and has negative implications for quality of life and healthcare resources. The authors investigated the selfreported frequency of non-severe and severe hypoglycemic events (NSHEs and SHEs), hypoglycemia awareness, patient-physician communication, health-related effects and economic impact on people with insulintreated diabetes (Type-1 and Type-2) in Spain. Methods: People with Type-1 (T1DM) or insulin-treated Type-2 (T2DM) diabetes older than 15 years of age completed up to 4 questionnaires at weekly intervals. NSHE was an event which respondents could manage without assistance. SHE needed help from a third party to manage. Results: In total, 630 respondents completed questionnaires covering 2,235 weeks. Mean selfreported NSHEs per respondent-week were 1.7 communication is higher in Spain than Europe overall; however, many patients expressed reluctance to discuss their hypoglycemia. Insulin therapy; Non-severe hypoglycemic event; Patient impact; Severe hypoglycemic event [8-10, 15]; however, results vary according to the definition of events used, methods of data collection, and country coverage. Moreover, limited data exist on the health-related impact and the use of healthcare resources due to NSHEs in Spain. This paper reports the frequency of selfreported NSHEs and severe hypoglycemic events (SHEs) in people with T1DM and insulin-treated T2DM in Spain. Additionally, levels of impaired hypoglycemia awareness, patient-physician communication of hypoglycemic events and the health-related effects and economic impact of NSHEs are reported.
(T1DM) and 0.4-0.8 (T2DM). Impaired hypoglycemia awareness or unawareness was reported by 55% of T1DM and 39% of T2DM respondents. Overall, 31% of T1DM and 20% of T2DM respondents rarely/never informed their physician about NSHEs. Respondents reported feeling tired/fatigued after 67% of NSHE and less alert after 45% of NSHE. Over the week following an NSHE, blood glucose measurement test-strip use increased by 5.3 (mean). In employed respondents (43%), 18% of NSHEs were reported to lead to lost work time (mean 1.5 h per event). After an SHE, 49% of respondents required emergency visits and/or hospital admission.
Conclusion: NSHE are a common occurrence with T1DM and insulin-treated T2DM in Spain and are associated with a cost burden and negative impact on well-being.
Patient-physician
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INTRODUCTION
The prevalence of diabetes is increasing and according to the International Diabetes Federation (IDF), more than 3.8 million adult citizens currently live with diabetes in Spain, corresponding to a prevalence of 10.8% (2013 estimate) [1] . Other studies have estimated a slightly higher prevalence of diabetes (B15%) [2] , the most recent reporting a prevalence of 13.8% in a representative sample of the Spanish population [3] . Maintenance of normoglycemia, often through the use of insulin, is the cornerstone of optimal diabetes management. However, intensification of insulin therapy can lead to an increased incidence of hypoglycemia: the most common adverse event associated with insulin treatment [4] . Hypoglycemic episodes are defined as either severe or non-severe depending on whether assistance is required by another individual, or whether the person can manage the event alone, respectively [5, 6] .
Non-severe hypoglycemic events (NSHEs) account for 88-98% of all events [7] [8] [9] and have been shown to impact the health-related quality of life of people with diabetes [7, 10] . Furthermore, the rise in the prevalence of diabetes may also create problems for healthcare systems as hypoglycemia can have a direct and indirect economic impact [11] .
Hypoglycemia also represents a barrier to optimal diabetes management, as fear of hypoglycemic events can cause sub-optimal insulin therapy and poor glycemic control [12, 13] . Although international diabetes bodies (the European Association for the Study of Diabetes and the American Diabetes Association)
highlight that education on the recognition and treatment of hypoglycemia is an important part of diabetes management, the real-world level of patient-physician communication regarding hypoglycemia is not known [14] .
There are limited data on the frequency of hypoglycemia outside of clinical trial settings and, furthermore, there are few studies reporting data for NSHEs in people with Type based on a respondent's last NSHE within the 7-day recall period) on respondent well-being, work productivity and healthcare resource use were also collected. The questionnaire was based on one used in a previous study, [19] which was created using insights collected during focus groups on the self-reported impacts of hypoglycemia [20] . Adaptations made to the questionnaire for this study included questions on frequency.
Definitions and Calculations
An NSHE was defined as symptoms of hypoglycemia (e.g., sweating, shaking, and headache) with or without a blood glucose measurement, or a low blood glucose measurement (B3.1 mmol/L) without symptoms, that the individual managed without assistance. An SHE was defined as an event of low blood glucose level (B3.1 mmol/L) needing help from a third party to manage (e.g., help from a family member or a health care professional, including emergency room visits and hospitalization).
Weekly NSHE frequencies were calculated using data from all respondents completing at least one questionnaire (wave) with annual frequency calculated using the mean weekly event frequency multiplied by 52. Standard descriptive methods (means/percentage and standard deviations) were used to report results for respondents.
The classification system for awareness of hypoglycemia was based on a prospectively validated study by Pedersen-Bjergaard et al. [21] . 
RESULTS

Subjects
The 630 patients entering the study completed in total 2,235 patient-week records with 90, 85 and 80% completing wave two (570 patients), wave three (534 patients) and wave four (506 patients), respectively. The frequency of NSHEs is based on 2,235 respondent-week records.
Demographics for respondents are shown in Table 1 . In total, 47% of respondents had T1DM and 53% of respondents had T2DM.
Frequency of NSHEs
The mean self-reported NSHEs per week were Self-reported mean annual SHE frequencies were 0.9 for T1DM, 0.3 for T2BOT, 0.3 for T2BB and 0.4 for T2O respondents.
Self-Reported Hypoglycemia Awareness and Corresponding NSHE/SHE Frequency
In T1DM respondents who had previously experienced an NSHE (i.e., at any point in the past, and not just in the study recall period), 42% reported an impaired awareness of hypoglycemia. Impaired awareness was reported by 25% of T2DM respondents ( Table 2) . A further 13% of T1DM and 14% of T2DM respondents were classified as unaware.
Respondents with T2DM who had impaired awareness of hypoglycemia had a significantly (p\0.05) higher NSHE frequency than those who were aware, driven by a significant difference in T2BOT respondents. A similar trend (although not significant) was seen in T2BB and T1DM respondents.
T2DM respondents with impaired awareness reported a significantly (p\0.05) higher SHE frequency compared with respondents who were aware, driven by the trend in T2BB respondents.
Patient-Physician Communication Regarding Hypoglycemia
Overall, 31% of T1DM and 20% of T2DM respondents rarely or never informed their general practitioner (GP)/specialist about NSHEs ( Table 3 ). The frequency of NSHE was significantly lower in T2BOT and T2BB respondents who rarely/never inform their GP/ specialist about NSHEs. An opposing trend was seen in T1DM and T2O respondents, where the frequency of NSHEs was higher in respondents who rarely/never inform their GP/specialist, although this trend was not statistically significant ( Table 3) .
When respondents were asked about topics discussed during GP/specialist consultations, 10% of T1DM and 13% of T2DMrespondents reported that their GP/specialist did not ask about hypoglycemia during routine appointments ( Table 3 ).
Economic Impact of NSHEs
NSHE resulted in increased use of healthcare resources ( and T2DM) and moody (30% and 26% in T1DM and T2DM). Figure 1 shows the reported impact of NSHEs on daily routine for all respondents combined (i.e., T1DM and T2DM), according to if they were day or nighttime events. The specific impact of NSHEs relating to daily routine was similar, regardless of the time of day they occurred.
These overall findings were reflected in the specific results for respondents with T1DM or T2DM. T1DM respondents reported having less energy than usual following 57% of daytime NSHE and 50% of nighttime NSHE, having a 
DISCUSSION
This study identifies the real-world frequency of NSHEs and SHEs both in people with T1DM
and people with insulin-treated T2DM in Spain. Furthermore, it provides an insight into the negative impact of NSHEs on patient well-being and healthcare resource use specific to Spain. NSHE non-severe hypoglycemic event, T1DM type 1 diabetes mellitus, T2BB type 2 diabetes mellitus respondents receiving basal bolus therapy/short and long acting insulin, T2BOT type 2 diabetes mellitus respondents receiving basal only therapy/ long acting insulin only, T2DM type 2 diabetes mellitus, T20 type 2 diabetes mellitus respondents receiving other therapy (e.g., mixed insulin) * Significant change versus always aware group or always/usually group (comparisons performed using t tests with an employed significance level of p\0.05); however, the analysis of T2DM subgroups (T2BOT, T2BB, T2O) may be inconclusive due to the small number of respondents who rarely/never inform their GP/specialist about NSHEs a Base: All respondents that have previously experienced an NSHE at any point (not just in study recall period) (n = 517) b Base: All respondents completing wave 1 (n = 630)
Frequency of Hypoglycemic Events
The self-reported frequencies of NSHEs and SHEs in Spain are similar to those seen in the overall European study using the same methodology, across all respondent subgroups [16] . In comparison to other previously conducted European studies, the frequency of NSHEs was similar for T1DM (1.7 in this study versus 1.8-2.2 in previous studies [9, 24, 25] ), but differed for T2DM (0.4-0.8 in this study versus 0.3 in a previous study in Scotland [8] ). This variation may be due to differences in the geographical region, T2DM treatment regimen, and study sample size, or how hypoglycemic events had been defined [8] . For example, the study in Scotland was substantially smaller (less than half the size of the Spanish study), with at least 70% of respondents with T2DM receiving premixed insulin (compared to fewer than 10% in this study). In addition, the definition of NSHE in the study in Scotland is narrower-all symptomatic NSHEs were recorded with a BGM, whereas this study included the detection of hypoglycemic symptoms with or without confirmation through a BGM [8] .
The frequency of NSHE in T1DM respondents in this study is double the frequency of NSHE in T2DM respondents. It has been suggested that the risk of hypoglycemia in people with insulin-treated T2DM increases with longer diabetes duration, [8] and Henderson et al. [26] reported that NSHE frequency among people with T2DM only reached the same level as in people with T1DM after 10 years of insulin use in T2DM [26] . In the present study, only 32% of respondents with T2DM had received insulin for over 10 years, which may partly explain the lower frequency of NSHEs. In T2DM, the frequency of NSHE also varies according to treatment regimen, although this is expected due to the different types of insulin coverage [14] .
Self-Reported Hypoglycemia Awareness and Implications for SHEs
In the present study, the authors investigated levels of hypoglycemia awareness in Spain. Reports of unawareness were similar between T1DM (13%) and T2DM (14%) respondents, although impaired awareness was higher in T1DM respondents (42% versus 25%). This is consistent with the overall European findings [16] . Consideration should be given to respondent demographics when comparing awareness levels across respondent groups. For example, the prevalence of impaired awareness is reported to increase with diabetes duration in T1DM, [9] which may confound the results of this study. Further investigation with larger sample sizes is required to fully understand the complex relationship between diabetes duration, hypoglycemia awareness and NSHE frequency.
Impaired awareness has previously been reported as the most important risk factor for severe hypoglycemia [27] . The results of this study support this finding; T2DM respondents with impaired awareness reported significantly higher SHE frequencies (p\0.05) than respondents who were aware of their hypoglycemia. This trend, although not significant, was also seen for T1DM respondents. The statistical analysis of T2DM subgroups (T2BOT, T2BB, and T2O) may be inconclusive due to the small number of respondents with impaired awareness in each group. Further investigation with larger sample sizes is required to fully understand the trends for people receiving different insulin regimens.
Patient-Physician Communication Regarding Hypoglycemia and Corresponding NSHE Frequency
An interesting finding of this study is the higher patient-physician communication levels observed in Spain, compared to the overall European study [16] . The proportion of Spanish respondents who always/mostly inform their GP/specialist of a hypoglycemic event was nearly double that observed in the wider European study [16] (approximately 70-80% in Spain versus 35-50% in Europe). Furthermore, only a small proportion of respondents stated that their GP/specialist did not ask about hypoglycemia (10-16% in Spain, compared to 17-28% in Europe).
This study also analyzed trends in NSHE frequency according to patient communication of hypoglycemia. T2DM respondents who always/usually inform their GP/specialist about their hypoglycemia reported significantly (p\0.05) higher NSHE frequencies than those who rarely/never inform their GP/specialist. Although causality cannot be established, these results suggest that patients who experience hypoglycemia more often are more likely to discuss their events with their physician (potentially in an attempt to improve their recognition and treatment of hypoglycemia;
although this was not investigated as part of this study). Despite this, almost a third of patients surveyed in Spain expressed reluctance to discuss their hypoglycemia, which may be due to wider factors such as concerns regarding driving privileges, [12] implications for employment, or fear that they may be perceived by their general practitioner/specialist to have poor control of their diabetes. Further research is needed to understand the reasoning behind why people may not actively be reporting their hypoglycemic events.
Patient-burden and Economic Impact of NSHEs
Unsurprisingly, NSHEs were shown to have a negative effect on respondent's physical and emotional well-being. The impact following a nighttime or a daytime NSHE was relatively similar across diabetes type. NSHE also altered a patient's daily routine, as a quarter of T1DM and a fifth of T2DM reduced their normal insulin dose following an NSHE. This is consistent with an average of 24.9% reported in a study by Brod et al. [19] in a study of 4 countries (USA, UK, Germany and France).
Respondents may have altered their correct insulin dose following an NSHE in fear of a future hypoglycemic event, an avoidance behavior shown to be a substantial obstacle to appropriate diabetes management [28] [29] [30] .
Another adaptive behavior demonstrated by diabetes patients, in this study and previous studies, is an increase in self-monitoring of glucose levels. Whilst this change in diabetes self-management behavior is an appropriate adaptive response which may help prevent new events in the short-term [12] , it presents a direct cost burden through increased healthcare resource use (i.e., increase in BGM test-strip consumption). This burden could be alleviated if NSHE frequency was reduced through improved awareness and recognition of events.
The increase in BGM test-strip use in the week following an NSHE in this study (5. [15] , whereas this study used a 7-day recall period over 4 weeks. The recall period chosen for this study was supported by a previous study demonstrating that a respondent's ability to remember NSHE during the previous week was not significantly different from the prospective recording of events over 1 week [9] . Another study has shown that people with T1DM and people with T2DM are able to accurately recall severe hypoglycemic events within a 1-year period (corresponding with the recall period in the current study) [21] . In addition to collecting self-reported data, the UK Hypoglycemia Study recorded biochemical hypoglycemia through continuous glucose monitoring with a continuous glucose monitoring system (CGMS) [15] . Patient subgroups also variedthe UK study compared the frequency of hypoglycemic events on the basis of recent or prolonged duration of insulin therapy, plus use of sulfonylureas without insulin in T2DM respondents [15] . Finally, in the UK Hypoglycemia Study, patients rated their awareness of hypoglycemia symptoms on a scale from 1 to 7 (1 = full awareness, 7 = total unawareness) [15] . This study used three categories (unaware, impaired awareness, always aware), thereby enabling identification of the gradual loss of awareness, in contrast to the Clarke [32] and Gold [33] methods which use only two categories (aware/unaware). Whilst there is no consensus on how to classify awareness, the method used in this study is the only one proven to perform similarly across language barriers [34] .
Study Limitations
The limitations of the study have been reported previously, by Ö stenson et al. [16] . A total of 10% of respondents with T1DM in Spain reported receiving long acting insulin only. Since long acting insulin as monotherapy should only be used in T2DM, this may indicate that some respondents with T2DM had incorrectly reported their condition as T1DM. If this is the case, the proposed study may underestimate the frequency of events in T1DM, since the respondents reported as having T2DM had fewer hypoglycemic events.
There is also the potential that the study duration may over-or underestimate the annual frequency of hypoglycemia, as seasonal variation is not considered (study conducted December to May). Self-reporting and anonymity also make validation of patient data impossible, and as the response rates for waves of the study diminished (90%, 84% and 80% of respondents completed wave two, three and four, respectively), the authors cannot rule out the possibility that later waves were completed by respondents who had more experience of hypoglycemic events. 
CONCLUSION
